INTRODUCTION
Most of the sulfur found in crude oil is organically bound, mainly in the form of condensed thiophenes (Van Hamme et al., 2003) . Research into the biocatalytic desulfurization (BDS) process, using dibenzothiophene (DBT) as a model compound, has resulted in the elucidation of two different biochemical desulfurization pathways, named the Kodama pathway (Kodama et al., 1973) and the 4S pathway (Denome et al., 1993; Oldfield et al., 1997; Piddington et al., 1995) . Since the Kodama pathway is destructive, it is considered unsuitable as a basis for an industrial BDS process. Through the 4S pathway, the carbon skeleton of DBT is released intact as 2-hydroxybiphenyl (2-HBP) ( Fig. 1) , so the value of the fuel is not lost. Various types of bacteria have been recognized to desulfurize DBT via the 4S pathway (McFarland, 1999) . Among these strains, Gordonia alkanivorans RIPI90A has been found to be efficient at desulfurizing DBT via the 4S pathway (Mohebali et al., 2007) .
The 4S pathway is a complex enzyme system, and its cofactors requirements prohibit the use of purified enzyme systems rather than whole cells for a practical BDS process (Kilbane & Le Borgne, 2004) . Therefore, for research into BDS, resting cells (i.e. non-proliferating cells) have been accepted as the best biocatalysts. Implementation of a commercial BDS process consists of several stages including: (i) growing the selected strain in a suitable medium in such a way as to obtain cells that exhibit the highest possible level of desulfurizing activity; and (ii) harvesting these active cells, and using them in the form of resting cells (biocatalysts) (Monot et al., 2002) .
To make the BDS process economically competitive with the deep hydrodesulfurization process that is currently used, it is necessary to improve several factors, including the cost of producing the biocatalyst, and its biocatalytic activity. It is well understood that the sulfur source used for growth strongly influences the desulfurization activity of resting cells (Li et al., 1996; Oldfield et al., 1997) . In this context, sulfate contamination of the growth medium is one of the main barriers because desulfurization enzymes are sulfate-starvation-induced proteins , and the Dsz phenotype is repressed by readily bioavailable sulfur compounds, including sulfate (Kertesz, 2000; Li et al., 1996; Matsui et al., 2002; Ohshiro et al., 1996; Piddington et al., 1995; Wang & Krawiec, 1996) . There is no evidence of feedback inhibition of the 4S pathway enzymes themselves, as the presence of sulfate in growth medium represses expression of desulfurization activity, but addition of sulfate to resting cells grown on DBT does not inhibit desulfurization activity (Guobin et al., 2006; Li et al., 1996; Wang & Krawiec, 1996) .
Due to the repression phenomenon, it is difficult to prepare cultures using inexpensive sulfate-containing media. The use of synthetic media with low sulfate content is an expensive option; therefore, several authors have reported attempts to overcome sulfate repression (Chang et al., 2001; Kishimoto et al., 2000; Matsui et al., 2002; Noda et al., 2003; Piddington et al., 1995; Tanaka et al., 2002) . Our hypothesis is that the repression could be avoided by various microbiological means, including lowering the repressor (sulfate) content of the growth medium, and substitution of a sulfur source other than DBT for sulfate. Since low-sulfur-containing synthetic media are expensive, the first solution is not commercially attractive. Therefore, using an alternative sulfur source to DBT, with subsequent induction using DBT, represents a reasonable option. Therefore, the aims of this work were: (i) to investigate the effect of readily bioavailable sulfur sources, reported to be repressors of dsz genes, on G. alkanivorans RIPI90A; (ii) to use an alternative sulfur source for growth, without any dsz gene repression; and (iii) to determine the resting-cell preparation protocol under these new conditions.
METHODS
Chemicals and reagents. All chemicals were of analytical grade. DBT (.95 %) and DBT sulfone (DBTO 2 ) (97 %) were purchased from Fluka and Aldrich, respectively. Dimethylformamide (DMF) (99 %) and ethyl acetate were purchased from Riedel-de Haën. Gibbs reagent (2,6-dicholoroquinone-4-chloroimide), methionine, cysteine and DMSO were obtained from Merck.
Micro-organism and media. G. alkanivorans RIPI90A was studied in this work. This strain was isolated from an enrichment programme, as a desulfurizing strain, as previously described (Mohebali et al., 2007) .
Minimal salt medium (MS-medium) containing sodium benzoate as the sole carbon source was prepared (SB-MS medium), and used for cultivation of strain RIPI90A, as previously described (Mohebali et al., 2007) . DMF was used as the co-solvent in which DBT was dissolved, and it was then added to the medium. Enriched nutrient broth (ENB) was prepared as previously described (Mohebali et al., 2007) ; this medium was solidified using agar (15 g l 21 ; enriched nutrient agar, ENA), and used when necessary.
Gibbs assay. Gibbs reagent reacts with aromatic hydroxyl groups, such as 2-HBP, to form a blue-coloured complex (Kayser et al., 1993) . Gibbs assay was used to detect and quantify 2-HBP produced by strain RIPI90A in SB-MS medium, as previously described (Mohebali et al., 2007) . A standard curve was created using 2-HBP at various concentrations versus Gibbs assay results (data not shown); a linear correlation occurred at 2-HBP concentrations ranging between 0.1 and 12 mg l 21 .
Analysis methods. All samples were centrifuged to remove cellular mass. Cell-free supernatants were analysed using HPLC and GC-MS, as previously described (Mohebali et al., 2007) . Preparation of resting-cell suspension. Cells were grown in liquid SB-MS medium containing either DBT or DMSO as the sole sulfur source, and harvested in the late-exponential growth phase by centrifugation (2880 g, 20 min). It has been found previously that the highest specific activity, in terms of desulfurization, occurs in cells harvested from the late-exponential growth phase (Mohebali et al., 2007) . A suspension of resting cells was prepared by resuspending the pellet in phosphate buffer (0.1 M, pH 7.08), and adjusting the cell concentration (OD 660 ) to a suitable value.
Resting-cell reaction programme. Resting-cell suspensions (5 ml) were prepared as described above, and mixed with DBT (300 mg ml
21
, 10 % solution in DMF). The reaction mixture was incubated at 30 uC on a rotary shaker (120 r.p.m.). Following incubation, the mixture was assessed using the Gibbs method, and extracted with ethyl acetate (1 : 1, v/v) three times. Prior to the extraction, the pH of the mixture was adjusted to 2.0 using HCl (4 M). The total volume of the extract was evaporated at room temperature to a volume of 250 ml, and the sample was analysed by HPLC for quantification of 2-HBP. The presence of 2-HBP was confirmed using GC-MS. In parallel, the test was performed using DBT-containing phosphate buffer as a control; this was prepared and treated in the same way as the reaction mixtures.
Effect of the readily bioavailable sulfur compounds on expression of the Dsz phenotype. In order to determine the effect of readily bioavailable sulfur compounds, including cysteine, methionine and sulfate, on expression of the Dsz phenotype, strain RIPI90A was grown in SB-MS medium containing 50 mg DMSO ml
, and supplemented with 150 mg ml 21 of each the sulfur compounds tested. Following incubation, cells in the late-exponential growth phase were harvested by centrifugation (2880 g, 20 min), and their desulfurization activity was measured using the resting-cell reaction, as described above. Following incubation (3 h), all reaction mixtures were assessed using the Gibbs method.
Effect of sulfate on the DBT-desulfurizing activity of strain RIPI90A. In order to study the effect of sulfate on the DBTdesulfurizing activity of G. alkanivorans, three flasks containing SB-MS medium were inoculated with strain RIPI90A. DBT (50 mg ml 21 ), sulfate (19.2 mg ml 21 ) or DBT together with sulfate (50 mg ml 21 and 19.2 mg ml 21 , respectively) was added to the flasks. The flasks containing DBT or sulfate alone were used as the controls. The flasks were incubated at 30 uC on a rotary shaker (120 r.p.m.) until lateexponential growth phase. When the cell concentrations (OD 660 ) of three flasks reached about 1.8, the cells were harvested, and used to prepare resting-cell suspensions (OD 660 10), and to perform the resting-cell reaction, as described above. Following incubation (12 h), samples were extracted, and analysed by HPLC for quantification of 2-HBP, as described above. The presence of 2-HBP was confirmed by GC-MS.
Effect of sulfate concentrations on expression of the Dsz phenotype during growth of strain RIPI90A. This strain was grown in SB-MS medium supplemented with 50 mg DMSO ml 21 as the sulfur source, and increasing amounts of sulfate (0-9.6 mg ml 21 in 1.9 mg ml 21 increments, and 9.6-38.4 mg ml 21 in 4.75 mg ml 21 increments). Following incubation (OD 660 1.34-1.67), the desulfurization activity of each culture was determined using the resting-cell reaction, as described above. Replicates of the reaction mixtures were assessed using the Gibbs method.
Effect of DMSO as the growth sulfur source on expression of the Dsz phenotype in strain RIPI90A. In order to study the effect of DMSO on expression of the Dsz phenotype, cells of strain RIPI90A were inoculated in SB-MS medium supplemented with 50 mg DMSO ml
, and incubated at 30 uC on a rotary shaker (120 r.p.m.). In late-exponential growth phase, cells were harvested, and used to prepare resting-cell suspensions (OD 660 10), as described above. Two resting-cell suspensions were used to study the ability of the cells to convert DBT and DBTO 2 to 2-HBP. DBT or DBTO 2 (300 mg ml 21 , 10 % solution in DMF) was added to each resting-cell suspension. The reaction mixtures were used to perform the resting-cell reaction, as described above. Following incubation (12 h), replicate reaction mixtures were extracted, and analysed by HPLC for quantification of 2-HBP, as described above. The presence of 2-HBP was confirmed by GC-MS.
Growth of strain RIPI90A on DBT or DMSO. The aim of this part of the study was to compare the growth rate of strain RIPI90A when grown on DBT or DMSO as the sole sulfur source. The strain was inoculated in SB-MS medium supplemented with either DBT (50 mg ml 21 ) or DMSO (50 mg ml
) as the sole sulfur source. Samples were taken regularly at a defined time interval (4 h), and growth was assessed (OD 660 ). Each sample was streaked on ENA to check for purity. A linear regression slope of a plot of log 10 g dry cell weight (DCW) l 21 versus time was used to calculate the growth rate (h 21 ).
Desulfurization activity of resting cells grown on DBT or DMSO. DBT desulfurization activity of resting cells grown on DBT or DMSO was studied as follows: resting-cell suspensions (OD 660 10) were prepared, and used to perform the resting-cell reaction using DBT, as described above. Following incubation (12 h), the reaction mixtures were assessed by the Gibbs method, extracted with ethyl acetate, and analysed by HPLC for quantification of 2-HBP, as described above. The presence of 2-HBP was confirmed using GC-MS.
Effect of DMSO on the DBT-desulfurizing activity of strain RIPI90A. In order to study the effect of DMSO on Dsz expression in the presence of DBT, cells of strain RIPI90A were inoculated into flasks containing SB-MS medium supplemented with a mixture of DBT (50 mg ml 21 ) and DMSO (50 mg ml 21 ) as the sulfur source for growth. In parallel, the strain was inoculated into two flasks containing the same medium supplemented with DMSO (50 mg ml 21 ) or DBT (50 mg ml 21 ) as the sulfur source for growth. These two flasks were used as controls. All flasks were incubated at 30 uC on a rotary shaker (120 r.p.m.). In late-exponential growth phase (OD 660 1.8), cells were harvested, and used to prepare restingcell suspensions (OD 660 10), which were used to perform the restingcell reaction, as described above. Following incubation (12 h), replicate samples were extracted, and analysed using HPLC for quantification of 2-HBP, as described above. The presence of 2-HBP was confirmed using GC-MS.
Dsz activity of resting cells grown on DMSO and sulfate together. In order to study the effect of DMSO on expression of the Dsz phenotype in the presence of sulfate, cells of strain RIPI90A were inoculated into a flask containing SB-MS medium supplemented with a mixture of DMSO (15.6 mg ml 21 ) and sulfate (19.2 mg ml 21 ) as the sulfur sources for growth. In parallel, the strain was inoculated into two flasks containing the same medium supplemented with DMSO (15.6 mg ml 21 ) or sulfate (19.2 mg ml 21 ) as the sulfur source for growth. All flasks were then incubated at 30 uC on a rotary shaker (120 r.p.m.). In the late-exponential growth phase (OD 660 1.8-1.9), cells were harvested, and used to prepare resting-cell suspensions (OD 660 10), which were used to perform the resting-cell reaction, as described above. Following incubation (12 h), the replicate reaction mixtures were extracted, and analysed by HPLC for quantification of 2-HBP, as described above. The presence of 2-HBP was confirmed by GC-MS. ) as the sole carbon source, at a cell concentration (OD 660 ) of 20. To start the induction period, DBT (300 mg ml 21 , 10 % solution in DMF) was added to the suspensions, and the reaction mixtures were then incubated at 30 uC on a rotary shaker (120 r.p.m.) for 12 h. Every hour, an aliquot (5 ml) of the mixture was withdrawn, centrifuged (4500 g, 10 min), and resuspended in phosphate buffer (0.1 M, pH 7.08) to prepare the same cell concentration (OD 660 20) . Following the addition of DBT (300 mg ml 21 , 10 % solution in DMF), the reaction mixture was incubated under the same conditions for 1 h, and then assessed using the Gibbs method, extracted with ethyl acetate, and analysed by HPLC for quantification of 2-HBP, as described above. In parallel with Gibbs assay, UV radiation (254 nm) was used to confirm the results (Krawiec, 1990) . Tests were carried out using duplicate samples.
RESULTS

Effect of the readily bioavailable sulfur compounds on expression of the Dsz phenotype
In this study, strain RIPI90A was grown on DMSO as the sulfur source for growth in the presence of sulfurcontaining amino acids (cysteine and methionine). Following the resting-cell reaction programme using DBT, Gibbs assessment of the resting-cell samples revealed that in the presence of these amino acids desulfurizing activity did not occur; both methionine and cysteine repressed desulfurization activity in G. alkanivorans RIPI90A.
Strain RIPI90A was also grown on a combination of DBT and sulfate as the sulfur sources for growth. In parallel, the strain was cultivated on either DBT or sulfate as the sulfur source. Following the resting-cell reaction programme using DBT, HPLC analysis of the reaction mixtures revealed that the 2-HBP accumulated in the reaction mixtures containing resting cells grown on sulfate or DBT plus sulfate at trace levels; however, for DBT, the concentration of 2-HBP was 5 mg ml 21 . This indicated that growing cells of the strain were unable to convert DBT to 2-HBP in the presence of sulfate (19.2 mg ml 21 ).
Effect of sulfate concentrations on expression of the Dsz phenotype during growth of strain RIPI90A on DMSO Cells of strain RIPI90A were grown on DMSO as the sulfur source, together with increasing amounts of sulfate. Following incubation, desulfurizing activity of cultures was determined using the resting-cell reaction. Gibbs assay results revealed that sulfate concentrations ¢14.4 mg ml 21 repressed the Dsz phenotype (data not shown).
Effect of DMSO as the growth sulfur source on desulfurization pathway
In order to study the effect of DMSO as the sole sulfur source on the 4S pathway, resting cells grown on DMSO were reacted with DBT and DBTO 2 separately. HPLC analysis of resting-cell reactions with DBT and DBTO 2 (an intermediate of the 4S pathway) showed 2-HBP concentrations of 1.63 and 5.10 mg 2-HBP ml 21 , respectively. GC-MS analysis confirmed the presence of 2-HBP in all samples, indicating that the Dsz phenotype in G. alkanivorans RIPI90A could be expressed in the presence of DMSO as the sole sulfur source through the 4S pathway.
The growth of strain RIPI90A on DBT or DMSO Fig. 2(a) shows the growth patterns of strain RIPI90A on DBT and DMSO; the maximum cell concentration on DBT was achieved after incubation for 44 h, while, on DMSO, the maximum cell concentration was observed after 36 h. The growth rate of strain RIPI90A was higher on DMSO (0.1172 h
21
) than when DBT (0.1009 h
) was used as the sole sulfur source (Fig. 2b) .
Desulfurization activity of resting cells grown on DBT or DMSO
Resting cells of strain RIPI90A grown on DMSO or DBT as the growth sulfur source were able to desulfurize DBT. HPLC analysis revealed that 2-HBP accumulated in the reaction mixtures at levels of 11.4 mg ml 21 for DMSO, and 3.2 mg ml 21 for DBT. Maximum specific activity of resting cells grown on DMSO and DBT were 3.46 and 0.97 mmol 2-HBP (g DCW) 21 h
21
, respectively. It was evident that DMSO was a more efficient sulfur substrate than DBT.
Effect of DMSO on DBT-desulfurizing activity of strain RIPI90A
In order to study the effect of DMSO on expression of the Dsz phenotype in the presence of DBT, strain RIPI90A was cultured on a mixture of DBT and DMSO. In parallel, the strain was grown with DBT or DMSO as the sulfur source. Following resting-cell reactions using DBT, HPLC analysis of the samples revealed that 2-HBP concentrations produced by resting cells grown on DMSO, DBT, or DBT plus DMSO, were 11.42, 3.15 and 1.63 mg ml 21 , respectively, indicating that combinations of DMSO and DBT produced a decrease in expression of the Dsz phenotype.
Effect of DMSO concentrations on the growth rate of strain RIPI90A Fig. 3 shows the linear regression slope of a plot of log 10 (g DCW l
21
) against time for each concentration of DMSO used. The growth rates (h 21 ) were calculated as 0.0449, 0.1017, 0.0431 and 0.0349 for 100, 200, 300 and 400 mg DMSO ml 21 , respectively. To measure the dispersion of distribution, the coefficient of variation (CV) was calculated for all concentrations. The CVs for all points of the curves were calculated to be from 0.023 to 8.632 %. The influence of various concentrations of DMSO on the growth rate of strain RIPI90A is shown in Fig. 4 . DMSO concentrations significantly influenced the growth pattern of the strain; at a concentration of 100 mg ml
, relatively low growth rates occurred. The highest growth rate was at a concentration of 200 mg ml 21 . Above this concentration the growth rate gradually decreased.
Induction of the Dsz phenotype in the cells grown on DMSO or sulfate
As shown in Fig. 5 the induction of the Dsz phenotype varied in cells grown on DMSO or sulfate. DBT was capable of inducing the Dsz phenotype in cells grown on DMSO as the sole sulfur source with almost no lag period. Prior to induction, the specific activity was 1.4 mmol 2-HBP (g DCW) 21 h
21
; the highest specific activity [5.11 mmol 2-HBP (g DCW) 21 h
] was achieved after incubation for 5 h. When the cells were grown on sulfate as the sole sulfur source, DBT was able to induce the Dsz phenotype, but only after a lag period. Prior to induction, desulfurization activity was not detected. The highest activity (Gibbs assay result, OD 610 0.88) was achieved after incubation for 6 h. Since the level of induction of Dsz phenotype was lower than the detection limit of HPLC, the results of the Gibbs assay were used to show the desulfurization activity of the cells grown on sulfate.
DISCUSSION
Because of the repression of dsz genes by inorganic sulfate, most researchers have used DBT as the sulfur compound for growth (Kishimoto et al., 2000; Yan et al., 2000; Yoshikawa et al., 2002) . Mass production of biocatalyst using DBT has been considered to be commercially impractical because of its high price, low water solubility, and growth inhibition by 2-HBP (Guobin et al., 2006; Honda et al., 1998; Kilbane & Le Borgne, 2004; Ohshiro et al., 1996; Wang et al., 2004; Yoshikawa et al., 2002) . Therefore, some researchers have tried to find a suitable sulfur source alternative to DBT (Yoshikawa et al., 2002) . DMSO has also been reported as a sulfur substrate that does not repress desulfurization activity in Rhodococcus erythropolis IGTS8, and it is not a substrate for the DBTdesulfurizing enzymes (Li et al., 1996) . Expression of DBTdesulfurizing activity in the presence of DMSO is due to the de-repression of the dsz operon in the absence of more readily bioavailable sulfur sources (e.g. sulfide, sulfate, cysteine and methionine) (Li et al., 1996; Oldfield et al., 1997) . DMSO has been employed as the sulfur source for growth by several researchers (Abbad-Andaloussi et al., 2003a, b; Bouchez-Naïtali et al., 2004; Del Olmo et al., 2005; Li et al., 1996; Luo et al., 2003; Ma et al., 2006; Matsui et al., 2002; Mohebali et al., 2007; Oldfield et al., 1997; Omori et al., 1992; Pienkos, 1999) ; however, to date, no detailed microbiological study about how this sulfur compound influences the BDS process as the sole sulfur source has been carried out. G. alkanivorans RIPI90A has been found to be able to utilize DMSO as the sulfur source (Mohebali et al., 2007) . RIPI90A resting cells grown on DMSO were reacted with DBT and DBTO 2 separately, and the results revealed that the Dsz phenotype in this strain could be expressed via the 4S pathway in the presence of DMSO as the sulfur source. DMSO has been found to be more easily metabolized than DBT, and it can also induce the dsz genes (Bustos-Jaimes et al., 2003) . However, with resting cells of Rhodococcus sp. 1awq grown on DMSO as the sole sulfur source, desulfurization activity has been shown to be similar to that obtained with DBT (Ma et al., 2006) . Resting cells of strain RIPI90A grown on DMSO or DBT as the sulfur source were able to desulfurize DBT. Resting cells grown on DMSO were more active than resting cells grown on DBT. The growth rate of strain RIPI90A on DMSO was higher than its growth rate on DBT. The results revealed that DMSO was more efficient as the sulfur source than DBT.
The effects of DMSO concentration on growth and Dsz activity of R. erythropolis KA2-5-1 have been investigated. It has been found that DMSO concentrations above 23.4 mg ml 21 significantly decrease desulfurization activity and cell growth (Yoshikawa et al., 2002) . Various concentrations of DMSO also influenced the growth pattern of strain RIPI90A: at 200 mg ml
21
, DMSO was able to support maximum growth of strain RIPI90A; above this concentration, the growth rate gradually decreased; this suggests that DMSO may be toxic to the strain at concentrations above 200 mg ml
.
It has been confirmed previously that DBT desulfurization by G. alkanivorans RIPI90A occurs via the 4S pathway (Mohebali et al., 2007) . It was necessary to study the repression of Dsz phenotype in strain RIPI90A by readily bioavailable sulfur compounds (sulfate, methionine and cysteine). The results revealed that these sulfur compounds could repress the desulfurization activity of strain RIPI90A.
In the presence of DBT, sulfate could repress expression of dsz genes in growing cells of strain RIPI90A. It was also concluded that DBT was not able to induce the Dsz phenotype. Studies on the effect of DMSO and various sulfate concentrations on expression of the Dsz phenotype revealed that, in the presence of DMSO and sulfate (¢14.4 mg ml
), expression of the Dsz phenotype did not occur in growing cells of strain RIPI90A.
Following confirmation of DMSO as the most appropriate sulfur source for cultivation of active resting cells of strain RIPI90A, we aimed to establish a resting-cell production protocol. When DMSO is used as the sulfur source, cell growth is able to proceed in two steps: the first step involves growth at the expense of the unwanted sulfate content of the synthetic growth medium; during the second step, cell growth continues using DMSO as the growth sulfur source. Therefore, in the second step, expression of the Dsz phenotype can occur.
In an attempt to induce the Dsz phenotype in cells grown on sulfate as the sole sulfur source, several researchers have reported the use of a two-stage process. In their method, growth and Dsz-phenotype-induction stages have been performed separately: after acquiring a high-cell-density culture at the expense of sulfate, the Dsz phenotype was induced in the second stage using DBT (Chang et al., 2001; Honda et al., 1998; Ma et al., 2006) . In the present work, the effects of DMSO together with DBT on dsz gene expression were studied. The results showed that the presence of DMSO (¢15.6 mg ml
) could interfere with DBT desulfurization. It was concluded that the induction stage must be performed separately. The induction of the Dsz phenotype by DBT occurred in cells grown on DMSO, with almost no lag period. The highest specific activity (about 3.6 times the activity at the start of the induction period) was achieved after incubation for 5 h. After this period, a reduction in the specific activity took place (approx. 53 %). This reduction was probably due to a decrease in desulfurization enzyme pool of the resting cells because of the presence of DBT as the main substrate for the 4S pathway. DBT was found to induce the Dsz phenotype following an initial lag period in cells grown on sulfate as the sole sulfur source. Prior to induction, desulfurization activity was not detected. Therefore, DMSO was shown to be a much more potent substrate when compared with sulfate.
In conclusion the results of this investigation revealed that DMSO was more efficient as the sulfur source than DBT. This study confirms that active resting cells can be prepared in two steps as follows: (i) production of resting cells using DMSO as the sulfur source for growth, and (ii) improvement of their desulfurization activity by using DBT as an inducer. Therefore, DMSO is recommended as a sulfur source that is more appropriate than DBT for the mass production of G. alkanivorans RIPI90A. 
